ABSTRACT: The influence of reforestation was evaluated during two season periods (February and October) in sites planted with Corymbia citriodora and Leucaena leucocephala through microorganism counts (bacteria, fungi, actinomycetes, and nitrite oxidizers) and microbial activity (respiratory and urease activities). An Atlantic forest and a bare soil site were used as controls. The general trends of the variables in the different soils were: Atlantic forest or L. leucocephala > C. citriodora > bare soil. The microbial populations in L. leucocephala and C. citriodora soils were significantly higher (P < 0.05) than that found in the bare soil. Similar results were obtained for respiratory and urease activities. The microbiological variables of the soil under L. leucocephala were comparable or even superior to that found under Atlantic forest. An improvement in the microbiological soil variables was observed in the soil under C. citriodora when compared to the soil without vegetation. These results can be attributed to an increasing amount of total organic C of the soils under L. leucocephala and C. citriodora in relation to the soil without vegetation. 
INTRODUCTION
In 1960, before the construction of the "Ilha Solteira" Hydroelectric Plant, 674 km 2 of the Atlantic Forest were deforested. As a consequence, thousands of hectares were flooded and soils were degraded in vast areas due to compaction or the removal of A/B horizons that exposed the subsoil. The reforestation of degraded areas contributes to restoring original soil physico-chemical characteristics by increasing the organic matter content, nutrient availability and the microbial populations and activity (Jha et al., 1992) . Plant species is an important factor influencing the soil C and N content. Thus, while total C content was un-changed in an area in Hawaii reforested with Eucalyptus saligna (Binkley & Resh, 1999) , organic C increased under three of the eleven species planted in Costa Rica (Fisher, 1995) . N 2 -fixing plants contribute to the soil N enrichment accumulating more C than the soils under non-N 2 -fixing species (Resh et al., 2002) .
Soil bacteria and fungi are the main agents of biogeochemical transformations (Gallardo & Schlesinger, 1994) . Organic C is one of the main factors influencing the number, composition and activities of microbial communities (Wardle, 1992) . In coniferous forest soil, while bacteria increased with soil fertility, fungi decreased (Pennanen et al., 1999) . Organic N is converted to ammonium by the soil heterotrophic microoganisms and to nitrate by the autotrophic nitrifiers. The number of autotrophic nitrifiers varies with the crop species and may be dependent on the fertilizer availability in the soil (Hanson et al., 2002) .
The influence of environmental factors, crop management and organic substances on soil microbial communities can be evaluated examining microbial enzymatic and respiratory activity (Dilly & Munch, 1996; Saviozzi et al., 2001) . However, there is little information on the microbial activity in reforested soils. The objective of this research was to study the recovery of a degraded area (without vegetation) reforested with C. citriodora and L. leucocephala, evaluating the microbial communities and activities. For comparison, an Atlantic forest located nearby was also sampled.
MATERIAL AND METHODS
By the end of the 1960s, after a huge hydroelectric plant was constructed, part of the Atlantic Forest was eliminated and about 8 m (in depth) of soil were removed from the regolith. The site was partially reforested with Corymbia citriodora, in 1989, and with Leucaena leucocephala, in 1991. Two sites were used as controls: one where 8 m soil was removed and has been without vegetation since 1969, and the other within an Atlantic forest. The sites (51º20' W; 20º23' S) are located in Ilha Solteira, SP, Brazil. The C. citriodora, L. leucocephala and bare soil were classified (FAO-Unesco) as Ferralsols, and the Atlantic forest as Acrisol, with a clay-sandy texture. The amounts of rainfall were 368 mm in February 2000 and 138 mm in October 2000. Soil samples were randomly collected from each site in February and October 2000 at the 0 -10 cm depth.
Most probable number (MPN) counts were determined using nutrient agar, Martin medium (Martin, 1950) and glucose-asparagine (Kuster & Williams, 1964) for bacteria, fungi and actinomycetes, respectively. The MPN count of microorganisms was determined on soil samples using a 10-fold serial dilution, followed by inoculation of five drops (40 mL) from each dilution onto the surface of the appropriate nutrient agar plate (Carvalhal et al., 1991) . Each plate contained 15 drops for each of the three dilutions. After a 48-hour-incubation for bacteria and fungi and a 21-day-incubation for the actinomycetes all at 27ºC, the microbial growth was observed by microscope under 40-fold magnification. For the nitrite oxidizer counts, 1 mL of each soil dilution was added to 4 mL of culture medium (Schmidt & Belser, 1982) , and incubated at 27 o C. After eight week-incubation, positive results were observed in the medium by color change.
Soil respiration was determined by incubating 100 g (wet weight) soil in 800 mL containers at 27°C for four days. Evolved CO 2 was trapped in the 0.1 mol L -1 NaOH solution and determined by titration with 0.1 mol L -1 HCl. The urease activity was determined using the method described by McGarity & Myers (1967) . One enzyme activity unit corresponded to the enzyme quantity to hydrolyze 1 g urea/3 h at 37°C. The specific activity was expressed in g NH 4 + -N g -1 dry soil. The soil organic C was determined by the oxidation method using potassium dichromate-sulfuric acid (Sims & Haby, 1971) . Polysaccharides were quantified by soil extracts obtained with NaOH solution and oxidation with dichromate (Stevenson, 1982) . Soil chemical composition was determined according Van Raij & Quaggio (1993) (Table 1) .
The data were analyzed by one way analysis of variance to test for significant differences between treatments using the SAS GLM procedure. Each treatment consisted of ten replicates. Means were compared by the Duncan multiple range test (P < 0.05). The microbial count values were transformed as log (x + 1), where x = MPN g -1 dry soil, before statistical analysis. Correlation analyses (r) were made between selected variables.
RESULTS AND DISCUSSION
The influence of the reforestation and soilsampling period on the total bacteria, fungi, actinomycetes and nitrite oxidizers bacteria counts are presented in Table 2 . Overall, the number of the microorganisms under the Atlantic forest, Leucaena and Corymbia soils were higher (P < 0.05) than under the bare soil. The combined effect of vegetation type and organic matter degradation presumably explains the higher microorganism number in these soils when compared to the bare soil. There was a considerable (375-to 393-fold) increase of the bacterial populations in the Atlantic forest and Leucaena soils as compared to the bare soil. Similarly, the fungi counts had a 245-fold and 10-fold increase, respectively, in those soils. Also, bacteria and fungi counts were approximately four times higher in the soil under Corymbia than under bare soil. Bacteria number were dependent on the total organic C and N concentrations (Morris & Boerner, 1998) . This effect was evident by the positive correlation between total organic C concentrations and the number of bacteria (r = 0.80 ***), fungi (r = 0.63 ***) and actinomycetes (r = 0.59 ***) ( Table 3 ). The populations of microorganisms found in the Leucaena soil were generally similar to the Atlantic forest soil and higher than in the Corymbia soil. These results were probably due to a synergistic action of the Leucaena N 2 fixation and its potential ability in improving soil fertility (Table 1) because legume species as Prosopis spp. and Acacia tortuosa accumulate more organic matter, nutrients and microorganisms in the soil than do non-leguminous species (Reyes-Reyes et al., 2002) .
The number of actinomycetes were very low and varied from 2.94 10 3 to 7.52 10 3 g -1 of dry soil, respectively ( Table 2 ). The Leucaena soil had the highest actinomycete count. The influence of the vegetations on nitrite oxidizers was similar to that observed for soil bacteria and fungi as follows: Atlantic forest > Leucaena > Corymbia > bare soil. Meanwhile the fungal populations were generally higher (P < 0.05) in February than in October, the number of actinomycetes and nitrite oxidizers were higher in October than in February ( Table 2 ). The bacteria number increased in February as compared to October in the soils under Corymbia and bare soil. In the soils under Atlantic forest and Leucaena, the bacteria number was higher in October.
***Significant (P < 0.001); NS -Not Significant; Actin., Actinomycetes; NO 2 -Ox, NO 2 -oxidizers; OC, Organic C; Polys., Polysaccharides. 
Different lower-case letters or upper-case letters indicate differences between vegetations types (in the same period) or sampling periods, respectively, according to an LSD value (P < 0.05). ND, no detected. Higher nitrite oxidizer numbers were found in soils under Atlantic forest, Corymbia and Leucaena as compared to the soil without vegetation. The nitrite oxidizers number was positively correlated with total organic C (r = 0.69***) and negatively correlated with the polysaccharide concentration (r = -0.43***). Nitrite oxidizers do not depend on a carbon source to grow, however depend on the organic N-compound ammonification by the heterotrophic microorganisms. In addition, although quite low, the positive correlation found between the nitrite oxidizers and bacteria (r = 0.67***), fungi (r = 0.37***) and actinomycetes (r = 0.58***) counts confirmed this relationship. Correlations between these microorganism groups, except for fungi, were also observed by Acea & Carballas (1990) .
Total organic C ( Figure 1A ) and polysaccharide contents ( Figure 1B ) were higher (P < 0.05) in the Atlantic forest and Leucaena soils than in the Corymbia and bare soils. Total organic C and polysaccharide contents found in February were higher than in October. However, total organic C contents were lower in February in the Leucaena and bare soils, and were similar in both periods for the soils under Atlantic forest and Corymbia (Figure 1) .
The respiratory and urease activities decreased according to the following trend: Atlantic forest or Leucaena > Corymbia > bare soil (Figure 2) . The urease activities found in October were similar between the soils under Atlantic forest and Leucaena but higher than the activities found in the Corymbia and bare soils. The respiratory activity was lower (P < 0.05) in February than October, except for the Atlantic forest soil (Figure 2A ), and the urease activity was similar in both periods, except for the Corymbia soil ( Figure  2B ). Microbial respiratory activity is an indication of carbon utilization efficiency (Saviozzi et al., 2001) . The increasing respiratory activity may probably be attributed to an increase of both bacteria (r = 0.79 ***), fungal (r = 0.62 ***), and actinomycete (r = 0.59 ***) populations. The soil C concentration under different vegetation management systems influenced respiratory activity (Kaur et al., 2000) . Also, a positive correlation between soluble organic C content and respiratory activity was similarly reported (Arunachalam et al., 1999) . In agreement with these authors, a high positive correlation was found in the present study between the total organic C content and the respiratory activity (r = 0.91 ***). The highest organic C values were found in the soils under Atlantic forest and Leucaena (Figure 1 ) and corresponded to the highest respiratory activities. The urease activity was higher in the Atlantic forest and Leucaena soils as compared to the Corymbia or bare soils. In general, a significant variation has been observed in the urease activity dependent on the soil vegetation type (Bandick & Dick, 1999; Waldrop et al., 2000) . A higher urease activity in less degraded areas than in more degraded sites, due to the higher soil organic C contents and microbial populations sizes was found (Jha et al., 1992) . Accordingly, in the present study, there was a positive correlation between urease activity and microorganism populations or to-tal organic C. Similarly, a positive correlation between the urease activity and the organic C was found (Singh et al., 1991) .
Soil moisture had greater influence than temperature on soil microbial populations (Acea & Carballas, 1990) . In soils under Eucalyptus and Pinus, the total number of bacteria and respiratory and dehydrogenase activities were higher during summer, because of the higher rainfall and air temperatures (Rigobelo & Nahas, 2004) . Variations in climatic factors, litterfall and soil chemical attributes have a greater influence on CO 2 production and cellulase activity during autumn and spring than during summer and winter (Vardavakis, 1989) . Our results demonstrated no consistent influence of the sampling period on these variables. The air temperatures were similar in both months; however, precipitation in February (summer) was almost 3-fold higher than in October (spring) (138 mm), which might not be enough for a limiting factor to affect these variables. Similarly, differences in ergosterol concentrations between summer and spring samplings were not found, due to a too small difference in soil temperature and humidity during those periods (Imberger & Chiu, 2002) . In this way, other factors such as the amount of litterfall, organic matter mineralization and soil nutrient contents might be related to the seasonal climatic variations (Imberger & Chiu, 2002; Rigobelo & Nahas, 2004) .
